Soybeans grown with 2 nillimolar N03-, which optimized apparent N2 fixation by Rhizobium symbionts, showed significantly different rates of apparent photosynthesis and C2H2 reduction during seedling development at two irradiances. Those physiological processes were lower for several weeks in plants grown at 1,500 microeinsteins per meter2 per second than in those exposed to 700 microeinsteins per meter2 per second. The irradiance-induced retardation was evident in short-term rates Irradiance is one ecologically important factor known to alter apparent photosynthesis in N2-fixing legumes (3). Classical studies found that high levels of irradiance retarded development of the N2 fixation capability of soybean seedlings (9, 19). Lacking techniques to record short-term changes in CO2 and N2 reduction in 1935, those workers measured soluble carbohydrate and reduced N content. Short-term measures of apparent photosynthesis and N2 fixation were used in the present study to examine the effects of a moderate (700 [LE m-2 sT') and a high, potentially saturating (1,500 ,AE m 2 s-') level of irradiance on the initial growth of nodulated soybean seedlings. By comparing combined N conditions that optimized N2 fixation with 16 mm N03 treatments in the presence of two irradiances, we attempted to determine whether Rhizobium bacteria can provide enough N for optimum plant development when soil N is scarce.
guishable by day 28 from those exposed to 700 microeinsteins per meter2 per second in terms of whole-shoot C02-exchange rate; by day 35 they were identical in terms of whole-plant C2H2-reduction rate. On day 38 there was no significant difference in dry weight or N content between treatments. Shifting plants between irradiance treatments on day 21 showed that the higher irradiance also had a short-term inhibitory effect on C2H2 reduction. The fact that 16 millimolar N03-prevented the continuous exposure to 1,500 microeinsteins per meter2 per second from inhibiting apparent photosynthesis suggested that seedlings grown on 2 millimolar N03-with Rhizobium were N-limited. Although rates of apparent photosynthesis were similar by day 28, the additional week required to produce equal rates of apparent N2 fixation between irradiance treatments showed that physiological adaptations of shoots, as well as photosynthesis per se, can affect root nodule activity.
Soybean seedlings (Glycine max [L.] Merr.) growing under conditions of low soil N with Rhizobium are forced to allocate limited seed resources to the construction of leaves and root nodules. Reduction of CO2 and N2, the primary physiological functions of these two organs, is obviously crucial for the integrated development of the plant, but how the developing plant reacts to C and N limitations is poorly understood.
To determine whether a seedling is C-or N-limited, one should examine each factor separately, but reported interactions between CO2 and N2 reduction complicate the situation. Factors that altered apparent CO2 reduction in mature plants caused parallel changes in C2H2 reduction (14) , an indirect assay for N2 fixation (12) . The fact that Rhizobium strains with different capacities for N2 fixation affected dry matter production in soybeans (15, 23) suggests that the interdependence of CO2 and N2 reduction shown in 26-day-old peas (5) Irradiance is one ecologically important factor known to alter apparent photosynthesis in N2-fixing legumes (3) . Classical studies found that high levels of irradiance retarded development of the N2 fixation capability of soybean seedlings (9, 19 (1) . CO2 within the measurement chamber was maintained at 320 ± 15 ,ug/liter. Repeated measurements of apparent N2 fixation by roots were made on intact plants using the C2H2 reduction assay (22) . All other C2H2 reduction assays were determined on detached root systems. C2H2 was injected into a sealed pot to give a final concentration of 0.10 atm, and samples were taken 10 and 40 min later during the linear phase of C2H4 production. C2H2 and C2H4 were measured by GC (2) .
Compositional Analyses. Plants were harvested weekly, dried at 70 C for 48 h, and weighed. Total N was determined by Kjeldahl analysis (8) . Sucrose, fructose, glucose, and starch were measured by GC (24) .
RESULTS
Low levels of combined N clearly enhanced apparent N2 fixation by 35-day-old Clark soybeans grown under 700 or 1,500 ILE m-2 s-' ( Table I (Fig. 4) .
Long-term C and N assimilation (Table II) Figure I by total leaf area of the individual plant.
1,500 ,IE m-2 s-' (Fig. 5b) . All four groups of plants had statistically similar rates of apparent N2 fixation 18 days after changing irradiances, regardless of either the initial or final irradiance level. These results support those in Figure 3 , which show that by day 38 C2H2 reduction rates in plants grown at high irradiance increased to levels equaling those in low-irradiance plants.
DISCUSSION
The results obtained in the present growth chamber studies support and extend earlier reports on soybean plants grown in containers outside (9, 19) . In both types of studies, plants grown under high irradiance, showed a period of N stress characterized by chlorosis and stunted growth. In both cases, lower irradiance or adequate amounts of combined N corrected the problem.
Results from the present study, which include short-term rates of apparent CO2 and N2 reduction, alter the classical interpretation of this phenomenon.
Fred et al (9) (10, 21) .
The lower rate of apparent photosynthesis by plants grown at 1,500 ,uE m-2 s-' (Fig. I) probably was due to a greater N deficiency (Table II) . Percentage N content, which can be calcu- plants (16) . The previously reported dependence of apparent photosynthesis on N supplied from either N2 or NH4+ in peas (4, 5) is supported in the present study by data from plants given 16 mM NO:j- (Fig. 1) . The dramatically higher rates of apparent photosynthesis in plants given 16 mM N03 and the reversal in irradiance effect between N treatments (Fig. 1) (Fig. 1, Table II ).
Additional insight is provided by comparing apparent photosynthesis data expressed on a whole-plant and a leaf-area basis for nodulated plants grown at the higher irradiance (Figs. 1, 2) . From day 14 to 20, there was no significant increase in whole-plant photosynthesis (Fig. 1) , but a 130% increase in leaf area during that period (39-90 cm2) decreased the net CO2 exchange per dM2 leaf area (Fig. 2) . That (Fig. 3) . Those results, as well as differences in specific activity (Fig. 4) (25) . Powell and Ryle (21) (7, 13, 20) . The present study demonstrates that irradiance-induced changes in soybean leaves also affected symbiotic N, fixation. Plants transferred from low to high irradiance on day 21 went through a prolonged period when C2H2 reduction rates were significantly below those measured in plants maintained at 700 LE m 2 s-' (Fig. 5a) . Foliar 
